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Index

a
abrasive wear 31, 32
accelerated indoor corrosion test 312
acidity, classification 7, 8
activation-passivation corrosion cell 12,

20
adhesive wear 31, 32
adsorption theory 11, 17
Al-deoxidized Q460-1# steel 280, 283,

286
alkalinity, classification 7, 8
Al2O3 inclusions

localized corrosion mechanisms, in
Q460NH steel

acidic self-catalyzing cell effects
101

CAFM test results 100
early corrosion morphology 95–99
high-density lattice distortion areas

100
immersion test 90
micro-cracks 100
micro-electrochemical information

testing 91
microzonation electrochemical

information 93–95
morphology 91–93
nanoscopic precipitated phases 101
oxygen concentration cell effects

101
specimen characterization 90
steel chemical composition 90

in X70 steel 416
anode dissolution (AD) mechanism 19,

20, 392
anodic phase theory 17
anodic polarization, in seawater 42
anodic process, characteristics of 36
atmospheric composition 2
atmospheric corrosion 2

classification of 33–34
definition and characteristics of 32–33
environment 1
in initial stage 34

atmospheric corrosion-resistant steel 36
austenite grains 51, 121, 242, 244, 245,

248, 251, 254, 256, 280

b
Bernoulli’s principle 30
breakdown potential 10

c
Ca-Al-O component inclusions 187
Ca-containing composite inclusions

186–196
Ca/Mg alloyed E690 steel

chemical composition 179
corrosion mechanism

Ca-containing composite inclusions
186–196

MnS-Al2O3 composite inclusions
181

inclusions characterisation 180–181
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Ca, Mg, Te alloyed E690 steel
Al2O3-MnS composite inclusions

161–167
chemical composition 150–151
inclusion characterization 152–154
material preparation 150–151
micro-electrochemical experiments

152
microstructure characterization 152
MnTexS(1-x)-MnS composite inclusions

154–161
(xMgO.yAl2O3)-MgS-MnS composite

inclusions 161
(Ca,Mn)S-MgO.Al2O3 inclusions 196
carbide precipitation 16, 17, 243
carburized X80 steel sample 255

corrosion morphology, in Edge Lake
soil simulated solution 240, 243

eutectic layer 237, 239
immersion morphology in Yingtan soil

simulation solution 240, 242
microhardness test chart 236
microstructural changes 237, 238
per-eutectic layer 237, 239
SKP scan image 237, 239
subeutectoid transition layer 237
SVET surface scan image 240–241

Ca, Sb alloyed E690 steel
chemical composition 167–168
corrosion behavior and mechanism

EBSD technique 170
inclusion morphology

characterisation 170–173
micro-electrochemical characteristics

of inclusions 173–175
microstructure characterisation 170
morphological analysis and E-pH

diagrams 175–178
E-pH calculation 170
immersion test 170
inclusions observation 168–169
micro-electrochemical information test

169
microstructure observation 168–169

Ca–Sb–Cr alloyed 690MPa weathering
steel

corrosion thermodynamics analysis
332–334

cross-sectional morphology and
element distribution of CPF 334

field exposure tests 332
law of Ca–Sb–Cr effect on the rust film

341–345
materials preparation 331–332
morphologies and corrosion kinetics

333–334
phase composition analysis of CPF

336–341
3D corrosion morphology 334

CaS-rich inclusions, in X70 steel 416
cathodic polarization, in seawater 42–43
cathodic process, characteristics of 37
Ca-treated E690 steel 135
cavitation corrosion 30

definition and characteristics of 30
formation and bursting of 30–31
mechanism of 31

cell formation 12
chemical dissolution mechanism

197–200
closed acidic self-catalyzing cell 101
closed cell forms 20
confocal laser scanning microscopy

(CLSM) technology 351, 355,
362, 369, 458–461, 463, 483,
485–487, 506, 507, 511, 512, 516,
518, 519, 523, 546

constant amplitude fatigue stress 27
contact corrosion 14
corrosion behavior of rebar in

Cl–/SO4
2–coupling environment

corrosion morphology analysis
479–484

corrosion rates 477–479
localized corrosion behavior 484–486

corrosion, defined 1
corrosion density model (CDM) 527,

536, 537, 542–544
corrosion fatigue
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characteristics of 27–28
definition of 27
mechanism 28–29

corrosion kinetics analysis 316–317,
523–525

corrosion product analysis 207, 313,
362–370

corrosion product film (CPF) 332
cross-sectional morphology and

element distribution of 334
phase composition analysis of

336–341
corrosion-prone environments 6
corrosion rates, of metals 2
corrosion-resistant and seismic rebar

445
corrosion-resistant steel materials 89,

261
corrosion weight loss and morphological

observations 312–313
corrosive environments

in chemical industry 7
in nuclear power industry 7–8
in petroleum industry 6–7

corrosive wear
definition of 31
mechanism of 31–32

coupled chemical
dissolution-electrochemical
dissolution mechanism 199–200

crack propagation rate 19, 28
Cr-containing weathering steel (WS)

331
Cr-depletion theory 16–17
crevice corrosion

characteristics of 12–13
definition of 12–13
gap formation 13
mechanism 13–14

critical humidity 2
Cr-rare earth (RE)

corrosion behavior of rebar in SCPS
453–467

electrochemical properties of rebar in
SCPS 448–450

materials and solution 446–447
mechanism 467–469
methods 447–448
microalloying 445, 446, 468, 470
modification mechanism 450, 462,

485, 493–495
Cu-Fe galvanic couple

SKP test plot 227, 228
SVET scan images 228

cyclic stress 27

d
damp atmospheric corrosion 1, 33,

34
dislocation migration 21
dissimilar (bimetallic) metal corrosion

14
dissolved oxygen effect 40
dry atmospheric corrosion 1, 33
ductile iron

electrochemical measurements
506–507

materials and solutions 506
materials characterization 506
mechanism analysis 513–516
shrinkage defects 507–513

ductile iron pipeline systems
corrosion analysis and life prediction

528–542
corrosion big data acquisition

526
corrosion density model 542
data collection and analysis method

526–528
data-driven approaches 545–546
materials and solutions 525
temperature 544–545

e
electric coupling sequence 14–15
electrochemical dissolution mechanism

197–199
electrochemical effects 20, 29
electrochemical frequency modulation

(EFM) 354, 359
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electrochemical impedance spectroscopy
(EIS) 55, 69, 207, 262, 268, 279,
312, 314–316, 354, 358–359, 447,
450, 451, 473–475, 506

electrochemical properties and corrosion
behaviour of rebar

coupled Cl–/SO4
2–environment

493–495
in Cl–/SO4

2–coupling environment
471, 477

materials and solution 470–477
methods 471

electrochemical properties of rebar in
Cl–/SO4

2–coupling environment
electrochemical impedance

spectroscopy 473–475
Mott–Schottky curve 475–477
PDP curves 471–473

electrolyte film 2, 33, 34
electromotive force (EMF) 14, 15
electron backscatter diffraction (EBSD)

90, 92, 93, 102, 103, 137, 152, 155,
168, 170, 171, 191, 199, 206, 208,
262, 263, 265, 311, 314, 315, 332,
333

eroded hole growth 11–12
eroded hole nucleation 11
Erosion-Corrosion Wear 29
E690 steel

accelerated indoor corrosion test 312
chemical composition 313–314
corrosion kinetics 326
corrosion kinetics analysis 316–317
corrosion product analysis 313
corrosion weight loss and

morphological observations
312–313

electrochemical impedance
spectroscopy characterization
314–316

macroelectrochemical testing
311–312

macroscopic corrosion observation
325–326

materials 310–311

microstructure characterisation
313–314

observation of rust layer morphology
and composition 317–325,
327–330

E690 steel, localized corrosion
mechanism 136

Ca/Mg elements effect 178–196
Ca, Mg, Te elements effect on 150–167
Ca, Sb elements effect in tropical

marine atmosphere 167–178
TiN inclusions 136–150

corrosion initiation mechanism
146–150

corrosion morphology analysis
141–144

CSAFM test 138
electrochemical properties 139–141
first–principles calculation 138,

144–146
immersion tests 138
inclusion characterization 139–144
microelectrochemical

characterization 138
microstructural characterization

137–138
sample preparation 137
SKPFM test 138
thermodynamic calculation 138

E690 steel microstructure
AC impedance spectra 210
changes in electrochemical behaviour

210–214
chemical composition 206
corrosion mechanism 218–222
corrosion morphology, observation of

214–217
corrosion product analysis 207
dislocation density 210
EDS analysis 208
equivalent fitting circuit diagram 212
evolution 207–217
grain size distributions 208
heat treatment process 210
high-angle grain boundaries 210
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hot-rolling process 210
immersion tests 214, 216, 218
impedance spectroscopy tests 207
low-angle grain boundaries 210
macroscopic electrochemical tests 207
material preparation 206
pit density statistics 218, 219
potentiodynamic polarization curves

212
short-term immersion tests 214
TEM morphology, of bainite laths 208

f
fatigue limit 27–29
15-5PH stainless steel

corrosion mechanism 274–277
effect of microstructural changes on the

corrosion morphology 272–274
electrochemical analysis 262
electrochemical measurement

266–270
immersion tests 263
material preparation 262
measurement of localised

electrochemical information
266

microstructural changes 263–266
microstructure observation 262
passivation film composition evolution

mechanism 270–272
X-ray photoelectron spectroscopy

262
15-5PH stainless steel, MnS–Te localized

corrosion resistance of
characteristics of inclusions 50
electrochemical analysis 50
induced by nonmetallic particles

60–61
localised electrochemical information

50
materials 50
SKPFM measurement 52, 53
submersion trial 51
Te containing steels

EIS plot 54

electrochemical polarization curves
53, 54

microstructure observation of
51–52

Nyquist plot 54
passivation film compositional

changes 55–56
pit morphology changes 56
Pourbaix diagrams 56, 57, 61

Te-modified inclusions effect 62
XPS 50

flat-band potential (EFB) 268
flow rate effect 40
focused ion beam (FIB) technology 90,

92, 93, 102–104, 123, 282, 516
freshwater corrosion

characteristics of 39
factors affecting 39–40
mechanism 39

fully submerged zone 44

g
galvanic corrosion

characteristics of 14
currents and effects 15
definition of 14
electric coupling sequence 14–15

galvanic corrosion effect formula 255
galvanic coupling corrosion of X80 steel

Cu–Fe galvanic couple 227–236
and T2 red copper 227
Yingtan soil simulation solution

hot-rolled structure-annealed
structure galvanic couple 231

hot-rolled structure-normalized
structure galvanic couple 229

hot-rolled structure-quenched
structure galvanic couple 228

quenched structure-annealed
structure galvanic couple 235

quenched structure-normalized
structure galvanic couple 232,
233

grain boundary carbide precipitation
16–17
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grain boundary phase dissolution 17
grain boundary phase precipitation 17
Gutman’s mechanical-electrochemical

theory 219, 283

h
heat treatment, morphological changes

205
humidity 1, 2, 33–35, 45, 90, 91, 101,

151, 227, 237, 245, 278, 309, 312,
317, 325, 332

hydride-type hydrogen embrittlement
22, 23

hydrogen adsorption process, inclusions
effect on

distribution pattern 426–430
hydrogen evolution process

characterization 419–426
hydrogen bubble 24–25
hydrogen bubbling 22, 25
hydrogen-charged SSRT 430
hydrogen corrosion 22–24
hydrogen cracking

classification of 22–23
definition of 20

hydrogen embrittlement (HE) 392, 396,
403

first type of 22
second type of 22–23

hydrogen evolution process 419–426
of inclusions with SKPFM 419–426

hydrogen evolution reaction 21, 42,
392–396, 403, 404

hydrogen-induced cracking (HIC)
18–23, 25, 26, 28, 413

hydrogen-induced reduction in work
function 421

hydrogen in metals
forms of 22
solubility 21
sources of 21
transport 21

hydrogen microprint technique 415
Mg-treated X70 pipeline steel 415–416

hydrogen microprinting technology
(HMT) 415, 426–429

hydrogen pressure theory 26
hydrogen transport 21
hydrogen traps 21, 413, 438, 440

i
incubation period 11, 19, 23–26, 280
industrial corrosive environment 6–8
intergranular corrosion

causes of 16
characteristics of 16
definition of 16
mechanism 16–17

inverse pole figure (IPF) map 333
irreversible hydrogen embrittlement 22

k
Kelvin potential value 237, 240
kernel average misorientation (KAM)

92, 93, 103, 105, 139, 146, 154, 161,
162, 164, 170, 191, 194, 208, 263,
265, 314, 333

map 139, 333

l
linear polarization resistance (LPR) 354,

358
liquid film condition 34, 45
localized corrosion initiation

induced by CaS ⋅ xMgO ⋅ yAl2O3 ⋅ TiN
inclusion 146, 149

localized corrosion mechanism
(RE)2O2S-(RE)xSy-(RE,Zr,Ti)Ox-

(RE)AlO3 composite inclusions
129

ZrO2-Ti2O3-Al2O3 composite inclusions
129

long-distance corrosion macrocells 3, 38
long-distance macrocells 38
long-line currents 38
low-alloy rebar

electrochemical properties and
corrosion behaviour, coupled
Cl–/SO4

2–environment 469–495
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influence of Cr-RE on the corrosion
behavior 446–469

m
marine atmospheric zone 5, 44
marine mud zone 5, 44
mechanical effects, SCC 19, 20, 30
Mg-treated X70 pipeline steel

characterisation of inclusions
416–419

experimental materials 414
hydrogen adsorption process,

inclusions effect on 419–429
hydrogen filled slow strain rate tensile

fracture inclusion 434, 435
hydrogen microprint technique

415
low temperature

hydrogen filled slow strain rate
tensile fracture inclusion 436,
439

mechanical properties and plasticity
indexes 436

stress corrosion susceptibility 437
stress-strain curves 434, 435

low-temperature SSRT fracture
morphology 436, 437

material microstructure
characterization 414

MgO.xAl2O3.MnS composite inclusions
417

MgO.xAl2O3.MnS.TiN.NbN composite
inclusions 419

microstructure analysis 415–416
normal temperature

mechanical properties and plasticity
indexes 431

stress corrosion susceptibility 437
stress-strain curves 430

scanning kelvin probe force microscope
415

secondary crack on fracture surfaces
431, 434

stress corrosion resistance
materials 429

regulated inclusion effect on HIC
resistance 430–439

slow strain rate testing 429–430
tensile fracture surfaces 431, 432

microbial corrosion (MIC) of low-alloy
structural steel

antibacterial activity testing
355–356

antibacterial efficacy test 366–367
bacteria, culture media, and solutions

352–353
corrosion product analysis

EDS analysis 363–365
XPS analysis 365–366

corrosion weight loss rate 367–369
Cu ion precipitation concentration

353
Cu ion precipitation rate 356–357
EDS analysis 355
electrochemical analysis 353–354
electrochemical frequency modulation

359
electrochemical impedance

spectroscopy 358–359
linear polarization resistance

characterization 358
live/dead staining observation

354–355
of attached bacteria 362

materials 351–352
microscopic morphology of corrosion

360–362
open circuit potential characterization

357
pit depth analysis 355
pitting corrosion pits 362
polarization curve 359–360
SEM observation 354
weight loss analysis 356
XPS analysis 355

microbiologically induced corrosion
(MIC) 4, 351–355, 358–363,
366–369

microchemical assays, of MnS-Al2O3
composite inclusions 188
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microscopic mechanisms, of
inclusions-induced localized
corrosion initiation 197

chemical dissolution mechanism
198–199

coupled chemical dissolution-
electrochemical dissolution
mechanism 199–200

electrochemical dissolution mechanism
197–198

microzone electrochemical results, for
MnS-Al2O3 composite inclusions
182, 184

mixed (AD+HE) mechanism 392
MnS-Al2O3 composite inclusions,

corrosion mechanism by 181–186
MnS.Al2O3 inclusions

CSAFM tests 174
physicochemical properties 175

MnS.CaO.xAl2O3 inclusions
CSAFM tests 174
physicochemical properties 174

MnS inclusions 24–25, 56, 64, 81, 121,
154–155, 157–158, 161–166, 168,
175–177, 181, 198, 200, 201, 261,
274, 419

M3 organization control method 205
Mott–Schottky curve 475–477
multiple-galvanic effect 515
Multiphase, Metastable, Multiscale (M3)

method 205, 309

n
natural water corrosive environment

4–6
negative interaction 32

o
open circuit potential (OCP) 207, 223,

224, 226, 279, 303, 312, 354, 357,
401, 405, 447

oxide metallurgy technology 120, 413
oxygen depolarization 34, 37, 39, 42, 45

process 37
reaction 42

oxygen diffusion 3, 33, 34, 37, 44, 45,
212, 515

p
passive film breakdown theory 11
pearlite, in steel 261, 278, 280–288
pH influence 39
pH value 4, 5, 90, 99, 101, 141, 163, 167,

372, 383, 405, 447–458, 466, 471,
495, 528

pipeline steel coating 371
pit development process 12
pit stress concentration model 28
pitting corrosion 30, 269, 515

characteristics of 9
conditions of 10
definition of 9
eroded hole growth 11–12
eroded hole nucleation 11
incubation period of 11
microelectrochemical mechanisms of

49–82
morphology of 10

pitting initiation potential (Epit) 270
pitting potential 10, 68, 79, 266, 449, 468,

471, 472, 474, 495
pitting-sensitive sites 11
porosity (permeability) 3
potentiodynamic polarization curve

(PDP) curve 212, 222, 227, 279,
354, 392, 447–450, 468, 471–473,
493, 502, 508, 545

Pourbaix diagram 56, 57, 193
of Al-Fe-H2O 177
of Fe-Ca-S-H2O and Ti-N-H2O systems

141, 143
of Mn-S-H2O 177

protection potential 10, 269, 275, 302,
379, 399

q
Q460 steel

corrosion process induced by inclusions
and pearlite 280–288

electrochemical experiments 279
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immersion test 279
material preparation 277–278
microcellular electrochemical

information testing 278–279
microstructure observation 278
tissue analysis and observation of

thermal simulation samples
288–296

tissue analysis of samples simulated by
welding thermal cycling 296–302

r
random stress 27
rapid corrosion period 23
rare earth modified inclusions

localized corrosion mechanisms, in
Q460NH steel

corrosion initiation and growth
process 117

dissolution 118
early corrosion stage 110–117
layer-by-layer dissolution 117
materials and methods 101–104
micro-electrochemical properties

104–110
morphology 102–104

rare-earth modified Q460 steel 277, 288
rare-earth modified Q460-2# steel 285
(RE)2O2S-(RE)xSy inclusions 102–105,

109, 110, 112, 113, 130
(RE)2O2S-(RE)xSy-(RE,Zr,Ti)Ox-(RE)AlO3

composite inclusions 127–129,
199

(RE)AlO3-(RE)2O2S-(RE)xSy inclusions
102–104, 110, 112, 113

RE-Te treated 316L stainless steel,
corrosion behaviour

corrosion morphological changes
75–78

CSAFM test 64
cyclic polarization tests 64
electrochemical data 66–68
electrochemical measurement 68–70
electrochemical polarization curves

64

FE-SEM examination 63
FE-SEM-EDS analysis 64, 65, 67
micro-electrochemical information test

63–64
microstructure observation 63, 64–66
passive film composition 70–74
passive film constituent elements 64
Pourbaix diagrams 79–80
SKPFM test 64
steel composition 63
submersion trial 64
thermodynamic calculation diagram

64–65
treatment effect 79

reinforced concrete (RC) structures 445
repassivation potential 10
resistive hindrance effect 43
resistivity, soil 4
reversible hydrogen embrittlement 23,

25–27
rust layer

characteristics of the 36
formation 34–35
protective properties of 35
structure of 35

s
saturated calomel electrode (SCE) 207,

269, 279, 311, 354, 447
saturation period 23–24
scanning kelvin probe force microscope

hydrogen evolution process of
inclusions 419–426

SCC mechanism in trapped solution
systems

experimental materials 382
SSRT experimental method 384
with cathodic protection

fracture morphological
characteristics 397–402

susceptibility analysis 396–397
under simulated disbonded coating

at different locations 383, 384
chemical composition 382
ion composition 382



�

� �

�

562 Index

SCC mechanism in trapped solution
systems (contd.)

ions, potential distribution of 383
without cathodic protection

fracture morphological
characteristics 387–390

SCC susceptibility analysis 384–396
unsteady state electrochemistry

390–396
SCC susceptibility of X80 pipeline steel

375, 377, 385, 387
SCC susceptibility of X80 steel 374, 378,

381, 397, 399, 404, 405
scouring corrosion mechanism 30
seawater corrosion 5

anodic polarization 42
cathodic polarization 42–43
characteristics of 41
electrochemical process of 42–43
factors affecting 43–44
properties of 41–42

Self-Catalytic Development 12
shrinkage defect of ductile iron

corrosion durability
corrosion kinetic 519–521
delayed corrosion 518–519
impact of form and dimensions

521–523
microstructure observation

517–518
corrosion kinetics analysis 523–525
in-situ observation of corrosion

516–517
materials and solutions 516
materials characterization 516

simulated concrete pore (SCP) solution
corrosion behavior of rebar in

453–467
electrochemical properties of rebar in

448–453
slip band preferential dissolution model

28
small hole corrosion 9
soil corrosion

batteries in 37–39

control characteristics of 37
electrode processes in 36–37

soil corrosion environments 2–4
soil erosion, definition and characteristics

of 36
soil inhomogeneity 38
soil redox potential 4
soil temperature 3
soil water content 3
soluble ions (salt) 4
spherical Al2O3 rich inclusions, in X70

steel 417, 418, 424, 439, 440
spherical CaS-rich inclusions in X70 steel

422, 426, 440
spherical CaS.Al2O3 inclusions, in X70

steel 417
splash zone 5, 44
spot corrosion 77, 505
steel corrosion 214, 261
strain difference cells 30
stray current 3, 4
stress asymmetry coefficient 27
stress corrosion cracking (SCC) 314, 371

conditions and characteristics of
18–19

definition and characteristics of 18
mechanisms 19–20

stress-induced corrosion cracking 505
sulfide stress corrosion cracking (SSCC)

24, 413
surface current sensitivity test results

of (RE)2O2S-(RE)xSy inclusion 109
of (RE)AlO3-(RE)2O2S-(RE)xSy

inclusion 109
surface passive film on rebar 463–467
surface potential difference 107, 108,

110, 415

t
Te-alloyed 15-5PH steel 263
tensile stress 18, 19, 25, 29, 373, 434–436
3D corrosion morphology 334
316L stainless steel, RE-Te composite

inclusions localized corrosion
resistance of 63–81
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tidal zone 5, 44
total immersion zone 5
transgranular stress corrosion cracking

(TGSCC) 390, 401, 405

u
uniform corrosion 4, 5, 8–19, 33, 216,

221, 256, 283, 288, 313, 317, 325,
455, 456, 469, 480, 482, 484, 485,
495, 496

v
variable amplitude fatigue stress 27

w
washout corrosion

characteristics of 29–30
scouring corrosion mechanism 30

water temperature effect 40
weak bond theory 26, 421
wear-related corrosion 29
weathering steel 36, 317, 319, 327,

331–345
wet atmospheric corrosion 2, 33, 34

x
X70-Mg-I type composite inclusions

(MgO⋅xAl2O3⋅MnS⋅TiN⋅NbN)
424, 426

X70-Mg-II MgO.xAl2O3.MnS composite
inclusions 424

X70 pipeline steel
characterisation of inclusions

416–419
experimental materials 414
hydrogen filled slow strain rate tensile

fracture inclusion 434–435
low-temperature

hydrogen filled slow strain rate
tensile fracture inclusion 436,
439

mechanical properties and plasticity
indexes 436

SSRT fracture morphology 436, 437
stress corrosion susceptibility 437

stress-strain curves 434–435
material microstructure

characterization 414–415
microstructure analysis 415–416
normal temperature

mechanical properties and plasticity
indexes 431

stress corrosion susceptibility 437
stress-strain curves 430

secondary crack on fracture surfaces
431, 434

tensile fracture surfaces 431–432
X70 steel submerged arc weld 205, 206

heat-affected zone 205–206
X80 pipeline steel, SCC mechanism of

381–404
X80 steel

after dichroic treatment
retained phase distribution 251, 253
second phase and grain boundary

area ratios 251–252
carburising specimen preparation and

test methods 223–225
coupling specimen preparation and test

methods 222–223
galvanic coupling corrosion 227
immersion experiment

Yingtan soil simulation solution
224, 226

matrix organisation before and after
surface carburizing treatment
236

microzonation electrochemical study
of degraded pearlite effect on
236

potentiodynamic polarization curves
222–236

sample hardness 224
second phase and grain boundary area

ratios 251
solid carburizing treatment method

223
surface scanning tests 223, 224
SVET test 224
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X80 steel (contd.)
and welded joint simulated structures

in acidic soil, electrogalvanic
corrosion of 251–254

welding heat-affected zone
microstructure simulation 225

X80 steel corrosion behavior
strain rate impact under disbonded

coatings
with cathodic protection 377–381
fracture surfaces, SEM images of

374
materials 372
methods 372–374
secondary crack morphology 375,

377
slow strain rate tensile test 372
stress corrosion cracking

susceptibility 375
without cathodic protection

374–377
X80 steel welding thermal simulation

specimen
heat-affected zone of 242
immersion morphology 249
SEM micrograph

of coarse-grained heat-affected zone
242, 244

of fine-grained heat-affected zone
245–246

of transition zone 245, 247
SVET current density vs. immersion

time
of CGHAZ in Yingtan soil simulation

solution 245
in Edge Lake soil simulation solution

248
tissue test area, SKP scan image of

245, 248

z
Zr-Ti deoxidized steels, localized

corrosion resistance in 121
Zr-Ti-RE modified inclusions induced

localized corrosion, in Q460NH
steel

characterization 120–126
early-stage corrosion characterization

126–128
test steel chemical composition 120,

121
ZrO2-Ti2O3-Al2O3 composite inclusions

123, 124, 126, 128–131
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